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The invention relates to a vessel, preferably a ship, for transport and 
mounting of structures, said vessel comprising a hull and at least four 
5 vertically elevational support legs as well as displacement means for ele- 
vating the support legs. 

Such a vessel is known from for instance GB-A-2, 120,607. In this specifica- 
tion a ship is described which is used for installation of large offshore 
10 structures. The ship is equipped with four elevationally movable legs and a 
;d rail device on the deck of the ship. However, the ship is specially designed 

=D in the sense that the four elevational support legs form an integral part of 

iJS the vessel and accordingly are mounted through its deck. Moreover, use of 

^ the rail structure means that the ship can only be used when a structure is 

O 1 5 extended outward from the deck and is to be arranged on a platform on a 

u level with the deck's surface. 

ru 

ry In connection with the mounting of windmills offshore it is furthermore 

known to transport same on a jack-up barge, which is towed out or which 
20 may perhaps sail on its own, and where only one mill at a time can be car- 
ried along, and where the speed of the transport unit is very limited. Such a 
jack-up is also very sensitive to wind conditions, for which reason it is only 
possible to erect the mills partly relatively close to land and partly in rela- 
tively calm weather. 




The object of the present invention is to provide a vessel which based on 
an existing vessel, i.e. complete with all gear, makes it possible to transport 
windmills and mount these mills on previously built structures on the sea- 
bed, and where the windmill erection itself will take place under the same 
30 conditions on land, and where the mounting may take place via cargo ships 
of the self-supplying type. The ship is in other words a unit which can hand- 
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le all tasks comprising loading of the mill units, transport of several mill units 
to the mounting site, including lifting thereof from the cargo ship and lower- 
ing thereof to the preinstalled base on the seabed. 

5 The ship is accordingly a cargo ship, preferably a container ship or a bulk 
carrier, to which certain structural additions have been made. The cargo 
ship distinguishes itself by holding a big cargo, which in this case will be up 
to 10 windmills, but at the same time also being highly seaworthy and able 
to maintain good speed, just as such a cargo ship holds the necessary fa- 
1 0 cilities for the crew. 

The object of the invention is achieved by a vessel of the type described in 
the preamble and where the support legs are furthermore mounted in at 
least two consoles which by first means are connected to the hull's right 
15 and left long side, respectively, and where the vessel also comprises at 
least one auxiliary structure, preferably a crane, for handling and placing 
the structures below the waterline. 

The system accordingly functions by securing the mentioned consoles ter 
20 known vessels by means of first means which for example may be^B rail 
device such as is also disclosed in claim 8. Through each console there is 
mounted one preferably two elevationally movablejegsfsaid legs ensuring 
that the ship will remain stationary, even in rpugh sea. It should be noted 
that in connection with the handling oftfie-widmills a locking of the legs will 
25 take place in that the ship is raised to the necessary level, whereupon a 
blocking takes place sinpe-if high wave would otherwise give rise to in- 
stability during handBhg of the mills. By means of the crane itself it is thus 
possible to hafoe the large windmills, and where on the deck there may 
furthermt5re be mounted additional auxiliary cranes to ensure loading to and 
30 from the quay. 
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By providing a vessel according to the invention, and as furthermore dis- 
closed in claim 2, the support legs Will slide relatively frictionless in the 
sleeve which partially encloses the/support legs. The sleeve may as dis- 
closed be coated with a friction reducing substance, preferably in the form 
of teflon, or the support legs^may be coated with teflon for achieving the 
same function. Furthermore, the legs are adapted for the sleeve via a slid- 
ing fit since it is important that there is not too much clearance between 
sleeve and support le'g. 



10 By providing a vessel according to ythe invention, and as furthermore dis- 
closed in claim 3, an appropriate method for adjusting the vertical position 
of the support legs is achieved, since the hydraulic system will provide for 
the correct pressure on the support legs. It should also be noted that each 
support leg preferably has two wire winches mounted on either side thereof. 
15 The number of windings on me wire winch indicates the gear ratio where a 
gear of 9 is preferably preferred in such a manner that when the wire winch 
produces a 35 ton load, the pressure which is produced via a hydraulic sta- 
tion on each support leg /day reach up to approximately 300 tons. 

20 By providing a vessel according to ihe invention, and as furthermore dis- 
closed in claim 4, the pressure/on each individual support leg may be 
measured and indicated via the4oad cell. 



By providing a vessel according to /the invention, and as furthermore dis- 
closed in claim 5, it is possible to/adjust the weight in such a manner that 
when a comer exerts a high pressure on the load cells, such as disclosed in 
claim 4, they will send a message to the control system to change the pres- 
sure diagonally opposite/uiis unit. This is accomplished by removing liquid 
from the chambers in^his corner and by pumping in liquid in the diagonally 
opposite corner, thys achieving a form of equilibrium and compensating for 
the load weight tnat is moved. This anti-heeling system may be active both 
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when the ship is floating and whefri it is anchored on the seabed via the 
support legs. In the first instance/ a liquid sensor and gyro function will re- 
gister heelings of the ship and a/signal is transmitted from the sensor to the 
anti-heeling system, thus ensu/ng the stability of the ship. 

5 

In the latter instance, where the liquid sensors are not functioning, the load 
cells mounted on the support legs will register any pressure and any 
change of pressure on the support legs, when a load is moved, and will 
signal this information to the anti-heeling system, which is thus activated 
10 and compensates for the differences in pressure. 



i0 



By providing a vessel according to the invention, and as furthermore dis- 
closed in claims 6 and 7, an appropriate size of the console itself is 
achieved such that good control of the support legs within the longitudinal 
1 5 sleeve is achieved, said sleeve being located inside the console, or which is 
obtained by means of the holes/which are cut in the upper and lower sur- 
faces of the console to provide/an aperture through which the support legs 
may slide. 

20 By providing a vessel according to the invention, and as furthermore dis- 
closed in claim 8, the console will make up a removable unit which thus can 
be dismounted from/mounted on thpstructures of the known vessel. 



The invention will be further explained below with reference to the drawing 
25 wherein 

fig. 1 is a top sectional view of a ship with tank/consoles mounted 
thereon with support legs and mounted cranes, 



30 fig. 2 



is a cross section of a crane mounted on a ship, 
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fig. 3 is the position of the support leg in relation to the tank/console 
and the winch therefore, 



fig. 4 is a top view of the tank/console with winch and support leg 
shown in fig. 3, 

fig. 5 is a cross section through the tank with support leg mounted 
on the side of the ship, 




15 



fig. 6A-C is the interaction of wire winch and support leg. 

Fig. 1 shows a top view of a ship 1, comprising a hull 2, a deck 3, upon 
which deck two smaller auxiliary cranes 10 are positioned. On either side of 
the hull there is mounted a console 5, in which support legs 9 are placed, 
preferably two support legs at either end of the console. The support legs 
are on either side connected to a winch with wire 8, said wire winch pro- 
viding for the right pressure on the support legs 9 via a hydraulic system. 



20 



The columns of the support legs are rectangular and end in a base in the 
order of 10 m 2 and are furthermore manufactured according to known prin- 
ciples. 



The base itself is in the form of a plate and is arranged in a cardanic 
suspension such that its inclination adjusts to the slope of the seabed. The 
25 area of the support bases may be extended since they are detachably 
mounted on the support legs. 



30 



Between each pair positioned opposite each other on either side of the hull 
a large crane 11 is positioned, said crane being capable of lifting and 
mounting windmills to a previously mounted base on the seabed. 
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Furthermore, the ship comprises additional cranes 10, since cargo ships 
are known to have smaller cranes which are positioned at either end of the 
ship, which cranes can be used for ordinary loading, and which may, if re- 
quired, be used during the lowering of the mill itself, since these act as 
5 guides for the mill wings. 

The ship comprises a large crane which has a loading capacity of about 
450 tons. This crane is taken from known, so-called caterpillar cranes 
where the movable part is removed, and the crane is accordingly mounted 

1 0 stationarily on the ship's deck, in that the crane is positioned in the middle 
of the longitudinal direction of the ship, preferably halfway between two 
support legs positioned opposite each other and on either side of the hull, 
but displaced or displaceable, however, to one or the other side of the 
longitudinal side of the ship. On the ship there is mounted a 12 meter tower 

15 on which the crane is positioned, whereby the crane reaches a height which 
makes it possible to handle the extremely high windmills. 

Fig. 2 shows a side view of the crane 1 1 , from which it appears that same is 
displaced towards one of the long sides of the ship. Fig. 2 also shows 

20 pockets in the sides of the hull itself, said pockets 12 forming part of the 
anti-heeling system, and which can also be coupled with the functioning of 
the large crane 11. The anti-heeling system is primarily built in to bring 
about a counterbalance to the moment of the smaller cranes during opera- 
tion in that these chambers, which the anti-heeling systems normally co- 

25 operate with, are filled with water diagonally opposite the side wherein a 
crane is working so that the ship does not tip. This anti-heeling system has 
thus in a novel manner become activated in connection with the use of the 
large crane in that a control system has been built in, said control system 
being connected to load cells placed on the support legs and, if desired, at 

30 each support base, and said load cells registering changes in the pressure 
on the individual leg. In the cases where a load cell for example indicates 
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pressure on a leg of around 350 tons and changed e.g. from 200 tons, the 
load cell will send a message to the control system regarding a change di- 
agonally opposite this unit by removing liquid in the 350 tons comer from 
the anti-heeling system and by pumping in liquid in the diagonally opposite 
corner so that a form of equilibrium is achieved. 

The system may be controlled via a computer program, or it may be hand- 
led purely manually. It should be noted that the ship with the built-in support 
legs and crane is designed to be capable of operating in a 3 meter actual 
wave height, which corresponds to VA meters significant wave, since it is 
essential by the structure that it can be held plane under the forces existing 
by such a wave condition. What decides whether or not it is possible to 
erect a mill will therefore not be the sea conditions, but on the contrary the 
actual wind conditions, and said wind conditions will be the same as are 
existing on land. 

In the cases where an actual wave height is in excess of 3 m, the pressure 
on a support leg will be in excess of 300 tons, so that the support leg with 
the actual dimensions cannot be held stable. The support leg can naturally 
by giving the wire winch more windings achieve a higher pressure effect, 
but this is not relevant since a heavier sea will imply a higher wind force, 
and where this wind force is so high that the windmill cannot be positioned, 
since in that case the wind will exert too great a pressure on the wings of 
the windmill itself. 

Furthermore, the structure comprises load cells 13 which are attached to 
each support leg 9, in that each support leg 9 also extends within a sleeve 
14 and is coated with teflon to create less friction resistance. 



30 



Fig. 3 is a side view of the tank/console 5 and through which a support leg, 
preferably two, are positioned, in that at least one, preferably two, wire 
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winches 8 are attached to each support leg. This is furthermore seen in fig. 
4, from which it is apparent that the console 5 encloses the support legs 9 
within their sleeve 14, and where the mentioned winches 8 are arranged on 
either side, whereas fig. 5 shows a cross section through the console 5, 
said console being removably mounted to the hull 2, in that to the hull s 
long sides there is welded a longitudinal rail 6, which is L- to V-shaped, and 
into the recess of which a plate portion from the tank rests and where the 
top end of the tank via a bolt is mounted on the cargo ship. Through this 
tank/console 5 the support leg 9 is accordingly positioned. The tank ends at 
the top on a level with the deck/rail, whereas the lower portion is sub- 
stantially below the water line. During the mounting of a windmill the ship 
will thus on all four legs exert a pressure of 300 tons, which will lift up the 
ship, whereafter the winch is locked such that a possible wave will not give 
rise to instability. If the winch is not locked, a pressure equalisation will take 
place via the function attached to each leg so that the instability is neu- 
tralised. Each leg has a length of approximately 20 m. 

Mounting of the consoles takes place by a bolted joint which is put in the 
hull by each so-called web frame, with a bolt on either side. 

The hollow space between the hull and the consoles on the slanted surface 
immediately below deck level is treated with Chockfast, a highly adhesive 
friction substance, which thus transfers forces from support legs and con- 
soles to the hull over a significantly larger carrying surface than by ex- 
clusively using a bolted joint where only the stress resultant of the bolted 
joint can be taken into account. 

The rail connection itself at the base of the consoles is provided to hold the 
consoles in the correct position the whole time and functions therefore only 
as a hinge in that it prevents the consoles from tipping out from the hull. 
Accordingly, it does not carry the ship at all. 
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By the above described product the ship will be lifted out of the water to 
such an extent that waves up to a certain size will have no influence on the 
ship. 

All other systems lift the floating object all the way out of the water with the 
drawbacks associated therewith, in that those systems, so-called jack-ups, 
are highly sensitive at the moment when the bottom of the object just 
leaves or meets the surface of the sea, if there are waves, so that it can 
take long time between removal from one operational place to another, in 
this case from mill to mill, whereof erection of 50 mills may well be planned. 

Fig. 6A shows how a wire winch presses the leg against the bottom, one 
end of the wire being fastened to the support leg, and the other end being 
mounted on a hydraulic winch with automatic tightening (tension), which is 
normally used for mooring winches on larger ships. 

When the ship is at the position, the legs are lowered to the bottom of the 
sea, and the ship is lifted so much that it is not moving. Then the winches 
are set to tension so that the ship may follow the rising and falling tide. Suf- 
ficient lift will normally be at about 5% of the ship's displacement. When the 
accurate mounting itself is to be made, the legs are locked and the pres- 
sure of the legs controlled by the trim system of the ship such that the 
heeling moment from the load hanging in the crane is equalized by ballast 
water, which is moved in the opposite direction. 

When practically applied, the anti-heeling system is put out of action at the 
moment when the support legs are put down. This happens because the 
system functions by means of impulses from the ship's heeling sensors in 
such a manner that it will compensate by working opposite the signals 
thereof, but since the ship does not heel, the system will not receive any 
signals. 
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The load cells register the change in pressure which is stored in a control 
panel. The operator or the administrative control system continuously con- 
trols the pressure on each of the 4 legs and thus decides if there is to be a 
redistribution of the ballast of the ship. 

5 

These sensors are bypassed by mounting load cells on each support leg. 
Via an Ethernet connection - since the load cell gives an electric signal 
similarly to said sensors - the anti-heeling system of the ship may again 
receive impulses corresponding to those given by the heeling sensors. In 
10 this way, the anti-heeling system may be manipulated into thinking that the 
ship is heeling, which is clearly not the case, and will therefore compensate 
for the moved load. 

In principle, there is no connection between the winches and the load cells 
15 since the winches are mooring winches functioning by giving a constant 
hydraulic pressure. If the resistance in the wire declines, the winch will start 
to haul in, and vice versa, if the resistance in the wire rises to a level higher 
than the hydraulic pressure, then the winch will ease off the wire until the 
original pressure is established. This is brought about by means of a kind of 
20 excess pressure valve which respectively shuts off and opens for the flow 
of oii. 

Fig. 6B shows how the wire is cut for pressure, but a combination of winch 
size and number of cuttings may be adjusted to any ship. 

25 

The drawing, fig. 6C, shows the lift system where the hydraulic winch also 
is likewise a tension winch, but only with the function of holding the wire 
taut in all situations. 



